Fishing trials were carried out with gill nets and trammel nets in the northern aegean Sea from March 2004 to February 2005. Four different mesh sizes for the gill nets and the inner panel of trammel nets (16, 18, 20 and 22 mm bar length) were used. Selectivity parameters for the five most economically important species, bogue (Boops boops), annular sea bream (Diplodus annularis), striped red mullet (Mullus surmuletus), axillary sea bream (Pagellus acarne) and blotched picarel (Spicara maena), caught by the two gears were estimated. the SeLeCt method was used to estimate the selectivity parameters of a variety of models. Catch composition and catch proportion of several species were different in gill and trammel nets. the length frequency distributions of the species caught by the two gears were significantly different. the bi-modal model selectivity curve gave the best fit for gill net and trammel net data, and there was little difference between the modal lengths of these nets. However, a clear difference was found in catching efficiency. the highest catch rates were obtained with the trammel net. Given that many discard species and small fish are caught by gill nets and trammel nets with a mesh size of 16 mm, it is clear that these nets are not appropriate for fisheries. Consequently, the best mesh size for multispecies fisheries is 18 mm. this mesh size will considerably reduce the numbers of small sized individuals and discard species in the catch.
by wedging or entangling fish that swim into them (Von Brandt, 1984) . Gill nets are chiefly used to catch fish with an almost uniform body size since the mesh size must match the fish's girth; the mesh size used depends on the species and size range being targeted. the selection curve is often assumed to be bell shaped. trammel nets are specially designed gill nets that are constructed by joining three parallel sheets of netting. the two outer sheets are made of netting with a very large mesh size. the trammel net design enables catching fish by two different processes; (a) gilling and entangling, like conventional gill nets, and (b) trapping large fish in the bags of the inner netting (FaO, 2000) . trammel nets are generally considered to be less size selective than gill nets (FaO, 2000; Fabi et al., 2002) . the selection curve is skewed or multimodal and may be more appropriate than the normal curve (Hamley, 1975) .
In turkish waters, selectivity studies have focused mainly on gill nets (aydin et al., 1997; Ozekinci, 2005; Kara, 2003) , and there are few reports dealing with trammel nets. the Holt (1963) method was used to estimate the selectivity of trammel nets used for the Chalcalburnus tarichi fisheries in Van Lake (Cetinkaya et al., 1995; Sari, 1997) and the Carassius auratus fisheries in egirdir Lake (Balik and Cubuk, 1998-1999) . However, there is no published research on trammel nets used in turkish seas.
the aim of this study was to determine the selectivity of multifilament gill nets and trammel nets for five important species for small scale fisheries in the northern aegean Sea: bogue (Boops boops), annular sea bream (Diplodus annularis), striped red mullet (Mullus surmuletus), axillary sea bream (Pagellus acarne) and blotched picarel (Spicara maena). the selectivity of gill nets and trammel nets has rarely been compared. Fabi et al. (2002) compared these two nets using the Sechin model. In this study, the SeLeCt method (Hovgård, 1996; Millar and Fryer, 1999; erzini et al. 2006) was used, which is a new and currently commonly used method that fits a variety of selectivity models (normal location, normal scale, log-normal, gamma and binormal).
MateRIaLS and MetHOdS

Survey area and gears
this study was conducted off Gökceada Island in the period of March 2004 to February 2005 depths of less than 30 m. Gökceada Island, which is the largest island in the northern aegean Sea, has a coastal length of 92 km and a total surface area of 279 km 2 (Fig. 1) .
the northern aegean Sea is affected by Black Sea waters. these waters greatly affect fish diversity and biomass, especially in Gökceada and the Saros Canal which is richer in terms of zooplankton than the southern aegean Sea. the northern aegean Sea is part of the migratory path of pelagic fishes (Kocatas and Bilecik, 1992) . this area has 996 licensed fishing vessels with 964 set nets and longlines, 29 purse seines, 2 trawls, and 1 beach seine; 61% of total production in this region is provided by purse seines, 38.9% by set nets and longlines, 0.5% by trawl and 0.4% by beach seine vessels (Kara and Gurbet, 1999) . Gill nets, trammel nets and longlines are the most widely used and important gears in the Gökceada Island fisheries. Local fishermen use gill and trammel nets every season of the year. However, in the northern aegean Sea storms occur on an average of 31 days and strong winds average 125 days in a year, which negatively affects fishing activities (alpaslan et al., 2003) . two types of nets were used in the study: multifilament gill nets and multifilament trammel nets. Four different mesh sizes were used for gill nets and for the inner panel of the trammel nets: 16, 18, 20 and 22 mm (bar length). In terms of length, hanging ratio, twines and colours, all nets were the same, differing only in mesh size. the nets used in the research and the nets used by the local fishermen have the same characteristics. Simply, the nets used by the local fishermen are 200 m long. For gill nets and the inner panels of the trammel nets, the length was 100 m, depth was 70 meshes, the twine was 210d/2 no and orange in colour, with a hanging ratio of 0.50 on the float rope and 0.52 on the lead rope. the outer panels of the trammel nets had a mesh size of 125 mm (bar length) with depth 5.5 to 7 meshes; the twine was 210d/4 no. the vertical slack of the trammel nets ranged from 1.55 to 1.76. total gill and trammel net length was 800 m (4 gill nets and 4 trammel nets). Gill nets and trammel nets were lowered into the sea 1to 2 hours before sunset, generally parallel to the bathymetric line, and retrieved 1to 2 hours before sunrise. the fishing trials lasted between 8 and 10 h. the Istanbul University, Faculty of Fisheries research vessel "Yunus II", 8.5 m in length with an engine power of 28 HP, was used for the trials. a total of 12 fishing trials were carried out in the same fishing grounds used by local fishermen. the bottom types of these fishing grounds were rocky, sandy, and sea grass. all fish caught in the experimental trials were classified to species level and their length and weight measured. total lengths (tL) was measured to the nearest millimetre, total weight was recorded in grams. the selectivity parameters of gill and trammel nets were estimated for the five most economically important species for small-scale fisheries in Gökceada Island: bogue (Boops boops), annular sea bream (Diplodus annularis), striped red mullet (Mullus surmuletus), axillary sea bream (Pagellus acarne) and blotched picarel (Spicara maena).
Estimating selectivity
the SeLeCt (share each length class catch total) method (Millar, 1992) , was used to estimate the selectivity of the gill and trammel nets. this method assumes that catches (n lj ) by length class (l) and gear size (j) have a Poisson distribution; p j (l) is the relative fishing intensity which is the probability that a fish of length l contacts the gear size j given that it contacts the combined gear, λ l is the abundance of length l fish contacting the combined gear and r j (l) is the probability of retaining a fish of length l in gear size j. n lj ≈ Pois (p j λ l r j (l))
the log-likelihood of n lj is j l Σ Σ {n l log e [p j λ l r j (l)] -p j λ l r j (l) } (2) the parameters of five different models (normal location, normal scale, log-normal, gamma and binormal) were estimated using the GILLnet software (Millar, 1992; Millar and Holst, 1997; Constat, 1998; Millar and Fryer, 1999) : normal location: 
according to the principle of geometric similarity (Baranov, 1948) , in all models except normal location, the spread is proportional to mesh size. Goodness of fit was evaluated by comparing deviances and examining the deviance residual plots, with the lowest deviance value corresponding to the best fitting model.
the Kolmogorov-Smirnov test was used to compare the catch size frequency distributions of the most economically important species (B. boops, D. annularis, M. surmuletus, P. acarne and S. maena) caught by gill nets and trammel nets (Siegel and Castellan, 1988) .
ReSULtS
a total of 5003 specimens, corresponding to 270.7 kg including fish and invertebrates, were captured with the experimental gill and trammel nets. a total of 76 species was caught (67 bony fishes, 5 crustaceans and 4 cephalopods). Catches of trammel nets and gill nets corresponded to 71 and 52 species respectively. the most abundant families were Sparidae, Centrachantidae, Mullidae, Serranidae, Scorpaenidae, Labridae, Carangidae and Sepiidae. Percent by weight (PW) and by number (Pn) of the total catch of trammel and gill nets were as follows: PW, 61.6% and 38.4%; and Pn, 50.8% and 49.2% respectively. Of the total 5003 individuals, 2540 individuals (166.8 kg) were caught in the trammel nets and 2463 individuals (103.9 kg) in the gill nets (table 1). the three most abundant species captured by both fishing gears were S. maena, M. surmuletus and B. boops (tables 2 and 3). the catch size frequency distributions with the four gill net and trammel net mesh sizes for the five most abundant species (B. boops, D. annularis, M. surmuletus, P. acarne and S. maena) are given in Figure 2 . the larger the mesh size of the gill nets and trammel nets, the greater the mean length of the captured fish. all mesh size combinations caught a wide size range of the five species (table 4) . the overall (all mesh sizes combined) length frequency distributions of the species caught by the two fishing gears were significantly different, with the exception of S. maena (table 5) .
Gill net and trammel net selectivity parameters were estimated for the five most important species caught by the two gears (B. boops, D. annularis, M. surmuletus, P. acarne and S. maena). the results of the SeLeCt model for the four gill net mesh sizes are given in table 6. the bi-normal model provided the best fit for all species studied as it had the lowest deviance value.
the fitted selectivity curves for the four gill net mesh sizes for B. boops, D. annularis, M. surmuletus, P. acarne and S. maena are shown in Figure 3 , as well as the corresponding deviance residuals for each species (Fig. 3) .
the estimated modal lengths and spreads of the five species for the four gill net mesh sizes for the best model are shown in table 7. In all the five species the modal lengths and spread values increased with mesh size.
the results of the SeLeCt model for trammel net selectivity are given in table 8. the bi-normal model provided the best fit for D. annularis, M. surmuletus and S. maena. the log-normal model provided the best fit for B. boops, whereas the normal location model provided the best fit for P. acarne. the fitted selectivity curves for the best models for the four trammel net mesh sizes for five species are shown in Figure 4 , along with the corresponding deviance residuals. the estimated modal lengths and spreads of the five species for the four trammel net mesh sizes for the best model are shown in table 9. the modal lengths of all five species as well as the spread values increased with mesh size.
dISCUSSIOn Several studies have compared the selectivity; catch composition and size-frequency distributions of different fishing gears. the gear selectivity and length frequency distributions of Greenland hali-but (Reinhardtius hippoglossoides), cod (Gadus morhua) and haddock (Melanogrammus aeglefinus), caught by trawls, longlines and gill nets, have been compared by Huse et al. (1999; 2000) . erzini (2002) and compared length frequency distribution and gear selectivity for several species captured by longlines and gill nets. In these studies, it was found that the catch proportions, length frequency distributions and gear selectivity of species caught by different fishing gears were different. there are relatively few studies that compare gill nets and trammel nets. Fabi et al. (2002) used Fabi et al. (2002) reported that most fishes of the three target species were caught by gilling and/or wedging. With all gears a number of individuals were also caught due to the tangled and/or pocket effect. the proportion of fish caught in this way was smallest and generally negligible in gill nets, larger in monofilament nets and largest in the standard trammel nets. It caused a progressive widening of size-catch ranges, which confirms the low selectivity of trammel nets.
In the present study, the SeLeCt method was used to estimate and compare the gear selectivity of B. boops, D. annularis, M. surmuletus, P. acarne and S. maena caught by gill and trammel nets. the bi-normal model selectivity curves gave the best fit for both the gill and trammel net data. Log-normal and normal location were used to obtain the trammel net selectivity curve for B. boops and P. acarne respectively.
normal, log-normal and gamma selection curves are useful for describing bell shaped selection curves (unimodal curves). although in practice these expressions often lead to very similar selection curves, the latter two formulations allow a moderate amount of skewness (Millar and Holst, 1997; Hovgård et al., 1999) . Bi-normal models have been suggested to be particularly appropriate for situations in which the fish are caught by two different processes, e.g. typically gilled or caught by the mouth parts or tangled (Holt, 1963; Hovgård, 1996) . a bi-normal selectivity curve is a mixture of two normal scale curves. this curve is very flexible and can attain a number of different shapes (Hovgård, 1996) .
Several studies reported the bi-normal model as the best model to fit the gear selectivity of gill and trammel nets: Hovgård (1996;  Fonseca et al. (2005) reported that the bi-normal model is the best fitting model for the selectivity curve of Citharus linguatula, Mullus surmuletus, Pagellus acarne, Trachurus trachurus, Merluccius merluccius, S. canicula and T. luscus in the gill net fishery.
Little difference was found between the modal lengths of the selectivity curves of gill nets and trammel nets used to catch B. boops, D. annularis, M. surmuletus, P. acarne and S. maena. However, in catching efficiency, a clear difference was found. thomas et al. (2003) reported trammel nets caught on average two times more prawns than monofilament gill nets. the better catching efficiency of trammel nets compared to gill nets for prawns and finfish can be explained by their entangling capacity.
the selectivity curves of five species in the gill net and trammel net fisheries were compared and a wide selection range of 50% relative efficiency was found for trammel nets. the selectivity curve for the gill net was narrower. the modal length found using the SeLeCt method was greater than the expected values. It is assumed that the "Principle of Geometric Similarity" (Baranov, 1948) was probably the reason for this situation Santos et al., 2003) . In the GILLnet software, only one model (normal location) is not based on this principal.
In table 10 the estimated modal lengths of five species captured by gill nets are compared to those reported by several authors in the eastern atlantic and Mediterranean. the estimated values are similar. the differences between the optimum catch sizes may have been caused by the characteristics of the nets (stretching ratio, thickness, mesh size, etc.) and different selectivity methods. there are only two previous studies that compared gill and trammel net selectivity of the five species examined in the present study. Fabi et al. (2002) , using the Sechin method for estimating selectivity, reported that the optimal catch size of Diplodus annularis, captured by gill and trammel nets with a full mesh size of 45 mm, was 12.10 cm in the adriatic and Ligurian waters. In the present study, the optimal catch size for gill and trammel nets with a mesh size (bar length) of 22 mm was 12.13 cm and 12.19 cm total length respectively. In another study, erzini et al. (2006) , using the SeLeCt model for estimating selectivity, reported that the bi-modal model was clearly the best for M.surmuletus, D.annularis and S.maena, caught by trammel nets with full inner panel mesh sizes of 40, 48 and 56 mm. the estimated values are similar in this study and the present study.
the biology of the target species should be taken into account when implementing fishing regulations. the size at sexual maturity of the fish in the study is given in table 11. If we consider the size at first sexual maturation, it seems that mesh sizes of 18, 20 and 22 mm in the gill and trammel net fisheries would be suitable in order to protect the stocks of B. boops, M. surmuletus, P. acarne and S.maena in the northern aegean Sea. It is obvious that the gill nets and trammel nets with a mesh opening of 16 mm create a fishing pressure on the striped red mullet stocks. Gill nets with a mesh size of 27 and 28 mm (Kara, 2003; Ozekinci, 2005) , and 30 mm (Santos et al., 1998) were reported to be suitable for catch- In turkish fishery management, despite the many legal regulations for purse-seine, bottom-trawl and longline fisheries, there are no regulations for gill and trammel net fisheries except concerning turbot, flounder and sole. It is prohibited to use gill nets with a mesh size of <180 mm (bar length) in the turbot fisheries and gill and trammel nets with a mesh size of <72 mm (bar length) in sole and flounder fishery (anonymous, 2004) . Unfortunately, there is little information on the catching efficiency and catch sizes of gill and trammel nets commonly used in turkish waters. Control over these fisheries is very limited. In order to make regulations for better management, the gill and trammel net fisheries should be strictly controlled. Research into the selectivity of gill and trammel net fisheries is of vital importance to protect fish stocks and maintain a sustainable fishery. In turkey the main target species of these fisheries are M. surmuletus and M. barbatus. the mesh sizes used are 16, 18, 20 and 22 mm. Fishermen call these kinds of nets "mullet nets". However, many economically important and discard species are caught by these nets, which are actually multispecies. It is difficult to manage multispecies fisheries based only on mesh size, since the optimal mesh varies considerably for the different target species.
When considering the number of discard species and individual specimens caught by gill and trammel nets with mesh sizes of 16 and 18 mm there were 15 species and 155 individuals for the gill net with 16 mm mesh size, 24 species and 177 individuals for the trammel net with a 16 mm mesh size, 13 species and 86 individuals for the gill net with a 18 mm mesh size, and 25 species and 97 individuals for the trammel net with a18 mm mesh size. the gill nets and trammel nets with a mesh size of 18 mm caught less discard species and individuals than the nets with the other mesh sizes. Given that many discard species and small fish were caught by the gill nets and trammel nets with a mesh size of 16 mm used in this research, it is clear that these nets are not appropriate for fisheries. However, an 18 mm mesh size, which has a higher catching efficiency, is appropriate for sustaining fishery resources and reducing the number of discard species in the catch. this information is useful for improving the management of these small-scale fisheries. aCKnOWLedGeMentS this study was supported by the Research Fund of the University of Istanbul with project number 48/23012003. We are grateful to Prof. dr. Bayram Oztürk (Istanbul University; turkish Marine Research Foundation), Prof. dr. Işık K. Oray (Istanbul University), dr. ayaka amaha Oztürk (turkish Marine Research Foundation, Istanbul University), J.M. Ortiz de Urbina (Instituto español de Oceanografia, Fuengirola, Málaga), elif Ozgür and Burcu Bilgin (Istanbul University) for their help. S. maena -9.10 cm Greece Mytilineou (1987) 
